Introduction
This paper examines three business cycle elements of cycles, trends, and growth in UK GDP sectors. It decomposes sectoral output into cycles and trends and pays attention to growth, adopting a state space method executed through the Kalman filter. Most business cycle studies on trend-cycle decomposition of GDP follow the tradition of Clark (1987) where the growth rate is specified as a pure random walk, implying that the time series in concern is I(2). Though, together with a stationary cycle component, the specification indicates the recognition of the fact that GDP is usually less persistent than a pure integral random walk. The decomposition procedure is the kind of the Kalman filter named after Kalman (1960) . Recently the research has become more sophisticated and advanced technically, e.g., in Kim and Nelson (1999) , but the construction elements have not been fundamentally amended. In this paper we propose alternative specifications for modeling output growth, which are featured by mean-reversion in F o r P e e r R e v i e w 2 the growth rate for the stochastic trend. A pure random walk allows the growth rate to wander and reach any point, leading to a theoretically unjustifiable proposition. Although we are less critical to the nature of the growth rate in empirical research, alternative specifications of the growth rate must be tendered and the validity of the restrictions imposed on each of the alternatives be tested. With such modeling framework, the present paper possesses inclusiveness and simplicity in statistical formulation. The econometric models in this study are the simplest and most straightforward in the state space executed by the Kalman filter, clearly demonstrating the components and state transition mechanism in economic activity. Moreover, the specification of growth in the general model can easily reduce to two different growth formulations via imposing relevant restrictions. So the study accommodates diverse beliefs about growth paths. In theory and strictly speaking, the results of model estimation are valid only if the data set is infinite in time, which obviously cannot be met in any empirical investigation
. Therefore, what we analyze are indeed in a short stretch within the infinite time; or put it another way, an instant in history. In this respect, the term "permanent" is not in the strict sense, allowing various results, some of which appearing to contradict conventional knowledge, to be made possible in empirical studies. From the viewpoint of usefulness and policy effectiveness, explanations and implications obtained from various models, even if they are controversial, can be acceptable.
The present paper is not only motivated by the above theoretical and methodological considerations in search for improved understanding of output growth and fluctuations.
Empirically, there are much less business cycle studies conducted at sectoral levels that are also almost confined to US data. It is an obvious fact that the US economy is to a great extent larger than most other economies in the world. Subtler are the implications in output data characteristics and, subsequently, business cycle features. Many typical economies of the UK size involve lesser aggregation in output data than the US economy, and may behave rather F o r P e e r R e v i e w 3 differently due to this difference in the degree of aggregation. Previous research by Engle (1984) amongst others suggests that aggregation results in correlation even if the individual series are not correlated, implying that the larger the size of an economy, the higher is the degree of exaggeration of the cycle component in output data. This problem of aggregation is relevant to the studies using aggregate output data as against those using sectoral data too, as the cycle component may be exaggerated in aggregate output data. Moreover, Long and Plosser (1987) suggest that the contribution of common shocks to the co-movement between sectors will appear to be greater than their true contribution; therefore the role of common or aggregate shocks may be over-estimated. All these point to the necessity of empirical business cycle research using non-US data and at sectoral levels, as carried out by the present paper.
Although the notion of business cycles started to attract attention from economists and governments alike in as early as the first half of the 20th century, in their search for an understanding of the patterns in economic activity and a possible therapy for mitigating the damage caused by severe economic downturns, a century's endeavor has not rendered great (1999) find that variability between sectors cause uncertainty in economic aggregates, which may identify business cycle evolution. Peel and Speight (1998) employ a joint model of bilinearity inconditional mean and generalized-autoregressive-conditional heteroscedasticity to test for the presence of non-linearities in UK and US industrial and sectoral production growth rates. They find bilinearity inconditional mean to be present in US industrial production and manufacturing, and significant conditional variance asymmetries in the majority of series considered such that conditional variance is higher during recessions and stronger in the more cyclically sensitive durable consumer goods sectors. More recently, Sensier (2003) investigates the movement of manufacturing inventories and production over the business cycle, Jenkins and Tsoukis (2000) attempt to identify and map out the effects of innovations in the money supply, employment, output, wages and prices, while Wu (2003) examines the importance of various macroeconomic 
Modeling of growth, trends, and cycles
The review of recent research on business cycles in the previous section has pointed out the importance of decomposition of business cycles data, though the approaches and the theoretical guidelines vary from one study to another. The essence is to capture the crucial features of the business cycle and its components and shed light on the issues such as output growth, fluctuations, and their patterns of persistence and durability. To this end, model specifications utilized in this study are introduced in 2.1, followed by analysis and groupings of business cycle features with regard to growth, trends and cycles in 2.2.
Model specifications
Unlike most previous studies reviewed earlier where the growth rate is a pure random walk, the model in this example has a stochastic growth rate that can be stationary or non-stationary depending on the value of γ in equation (3). Specifically, if γ is smaller than but close to one, the growth rate is persistent in its behavior. The model is as follows: Watson (1986) and Clark (1987) , the two innovations in the trend and the cycle, u t and v t , are specified as independent processes, and innovation in growth,w t , is further assumed to be uncorrelated to u t and v t . Blanchard and Quah (1989) and King et al (1991) also follow this tradition in structural decompositions, while Beveridge and Nelson (1981) assume that the innovations from the trend component and the cycle component are perfectly correlated.
Write equations (1) -(4) in the state space form, the observation equation is:
The state equation is:
1 When λ is set to zero, wt is not identifiable from ut. The construction elements of the model are:
The model will be estimated using the Kalman filter algorithms, and the empirical results will be reported and analyzed in the next section.
Analysis of business cycle features
Now let us discuss some general ideas about the behavior of output series in relation to the parameters in the model, and analyze business cycle features with regard to trends, cycles and growth. σ u and σ v , the standard deviation of the trend component and that of the cycle component, measure the contribution of trends and cycles and indicate their relative importance in the stochastic process. There is no stochastics in cycles when σ v is zero and there are no cycles when ϕ 1 and ϕ 2 are zero. If σ w , the standard deviation of the growth rate, and λ are zero, the time series collapses to a constant growth rate case. When λ<1 the time series is I(1) and when λ=1, i.e., a random walk growth rate is assumed, the time series is I(2). Therefore, the Durability of cycles is the sum of the two cycle equation coefficients ϕ 1 and ϕ 2 . When the sum of ϕ 1 and ϕ 2 , which is confined by (-1, 1), is large, the effect of a shock to the cycle, though will eventually disappear, would be long-lasting and the process of mean-reversion takes place slowly.
There are three indicators for growth features. Persistence of shocks to growth is measured by 1/(1-λ), the cumulative effect by a unit shock 2 . Impact of shocks to growth 3 has two F o r P e e r R e v i e w 9 elements: σ w that gives a measure for the size of shocks and the immediate impact, and σ w /(1-λ), shock size adjusted cumulative effect on trend levels. Average growth rate, gc/(1-λ), is the average or stationary mean of the growth rate in the whole period.
{Table 1 about here}
In the general model, Model 0, the average growth rate is measured by gc/(1-λ). In
Model 1 where restrictions gc=0 and λ=1 are imposed, the growth rate is a random walk and no stationary mean value exists for the growth rate. In Model 2, the mean value of the growth rate is simply gc. We regard the specifications of Model 0 and Model 2 as being more justifiable.
Because the growth rate is stationary in Model 0 and Model 2, and it is non-stationary in Model 1. In Model 0, the growth rate, either expected or realized, is time-varying. Although it will be subject to empirical verification, we favor the specification of Model 0, because changes in growth are usually the result of technological progress, the impact of which will be realized gradually over some time 4 .
Empirical results and discussions
The data used in this study are UK sectoral and aggregate GDP, starting in the first quarter, 1955
and ending in the first quarter, 2002, seasonally adjusted at the 1995 constant price. In addition to the aggregate GDP, the seven main sectors used in the study are: Agriculture, Forestry and of this paper). One can immediately sense these when visiting the factories if s/he is not scienceilliterate. Technical obsoleteness comes in two forms, absolute and comparative. The case of the British railways is the former where some parts of the system are simply beyond normal usage and will continue to be so for a considerable period. The British car manufacturing industry is the latter; any technical progress elsewhere that is not to be realized, matched or surpassed in Britain leads to technical obsoleteness in the British car manufacturing industry. and Services (J-Q, including business services and finance, and government and other services).
The Mining and Quarrying sector (C) is excluded, as its weight in UK GDP is minimal and has being declining over decades; and more importantly, its change has been mainly influenced by unconventional economic forces and other factors.
The estimation results are reported in Table 2 . ; the standard deviation of the trend, σ u , is not significant but the standard 
{Table 2 about here}
Having inspected UK aggregate GDP and gained a broad view of the British economy, we carry on to scrutinize sectoral output, with reference to Table 2 ). These results and findings indicate that the energy sector (Electricity, Gas and Water Supply) and the construction sector are mostly subject to cyclical fluctuations, though a considerable part of fluctuations in the energy sector could be seasonal rather than business cycles, and caused by a volatile world oil price. On the other hand, the services sector (including government services)
is the least vulnerable to suffer business cycles. We provide an indicative rank of the sectors, viewed purely from the trend-cycle standpoint of this section, which considers the relative contributions of the cycle and the trend, and takes into account the overall fluctuations in the time series. We place similar sectors in one category, as it is not helpful to be too trivial. Ranked from low to high with reference to fluctuations, they are: (1) Services; (2) Distribution, Hotels, 
Conclusions
In this paper we have examined the behavior of UK GDP sectors through decomposing the time series data into trend and cycle components using the Kalman filter. Unlike previous business cycle exercises, we determine the characteristics of trend growth empirically. That is, the trend growth rate in this paper is not pre-specified as either stationary as most researchers would insist, or a random walk as in Clark (1987) and a few more recent studies, e.g., Kim and Nelson (1999) . The general model of this study encompasses a number of alternative specifications about trend growth, therefore accommodating diverse views on growth.
There is reasonable support in the results for the general model, and the rejection of the random walk growth rate model is overwhelming across UK GDP sectors. The growth rate is best specified as being mean-reverting and time-varying, though it is not materially different from a constant. This is sound, taking into account the economic behavior of output growth over an indefinite time horizon, a setting for the theory as well as for model estimation.
Overall, the results indicate that the Services sector is least to subject to business cycle fluctuations, and that the energy sector of Electricity, Gas and Water Supply and the Construction sector are most vulnerable to suffer cyclical fluctuations, though a considerable part of fluctuations in the energy sector could be seasonal rather than business cycles, and caused by a volatile world oil price. With regard to durability of cycles, the Services sector again exhibits low durability or little persistence in cycles; while the Construction sector, the Transport, Storage and Communication sector and the Distribution, Hotels, Catering and Repairs sector appear to be on the other end of the spectrum.
The largest impact of shocks to growth is reasonably found in the Manufacturing sector, a technology intensive and sensitive sector, which is followed by the Electricity, Gas and Water Supply sector, the Transport, Storage and Communication sector and the Distribution, Hotels, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 and the large parts of them are non-tradable, especially when the end user is concerned; while in the former, a considerable element can easily move across the borders. 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Figure 4 . Electricity, Gas and Water Supply (E) Figure 4 . Electricity, Gas and Water Supply (E) Figure 4 . Electricity, Gas and Water Supply (E) Figure 4 . Electricity, Gas and Water Supply (E) Durability of cycles: Sum of the two cycle equation coefficients, ϕ1 and ϕ2. The larger the sum, the more durable is the cycle. Cycles are highly durable when ϕ1 + ϕ2 is close to being one.
Impact of shocks to growth: Size of shocks to growth and shock size adjusted cumulative effect on trend levels.
Persistence of shocks to growth: Measure of persistence of the effect on the growth rate.
Average growth rate: Average or stationary mean of the growth rate in the whole period.
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Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Table 2.  Table 2.  Table 2.  Table 2 . Decomposition of GDP sectors into trend and cycle with a stochastic growth rate using the Kalman filter Decomposition of GDP sectors into trend and cycle with a stochastic growth rate using the Kalman filter Decomposition of GDP sectors into trend and cycle with a stochastic growth rate using the Kalman filter Decomposition of GDP sectors into trend and cycle with a stochastic growth rate using the Kalman filter Impact of shocks to growth: Size of shocks to growth and shock size adjusted cumulative effect on trend levels. From top to bottom: increasing impact, small to large.
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Persistence of shocks to growth: Measure of persistence of the effect on the growth rate. From top to bottom: increasing persistence, low to high.
Average growth rate: Average or stationary mean of the growth rate in the whole period. From top to bottom: decreasing growth rate, high to low.
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